A five-year-old child with severe arthrogryposis multiplex congenita and malnutrition underwent surgery for chronic osteomyelitis of the head of the left humerus. The child had typical features of arthrogryposis multiplex congenita, including a difficult airway. Propofol was used for induction and maintenance. Spontaneous respiration was maintained with a nasal airway. Analgesia was provided with an interscalene brachial plexus block placed using a nerve stimulator. No opioid was given. The child had an uneventful recovery with good postoperative analgesia.
Arthrogryposis multiplex congenita is an uncommon condition characterized by rigid joints and muscle contractures present from birth. The incidence is one in 3000 births 1 . The appearance of these patients has been likened to a "thin wooden doll" as a result of the minimal muscle mass and deficient subcutaneous tissue. These patients pose problems to the anaesthesiologist in airway management, intravenous access, abnormal drug reactions, associated anomalies and temperature rises under anaesthesia, previously thought to be related to malignant hyperthermia. A case report of a child with severe arthrogryposis multiplex congenita posted for shoulder surgery is presented.
CASE HISTORY
A five-year-old male child with severe arthrogryposis multiplex congenita was posted on a priority basis for excision and debridement of a bony spur over his left shoulder subsequent to chronic osteomyelitis of the head of the humerus. Preoperative assessment revealed a bed-ridden child with severe malnutrition weighing 5 kg and a height of 82 cm. He was unable to move the lower half of his body because of generalized weakness with a muscle power of grade III/V in the upper limbs and 0/V in the lower limbs. His deep tendon jerks were absent and he had atrophic limbs and multiple contractures of the upper limbs. He had a large head, micrognathia, and relative macroglossia. The child had bilateral temporomandibular joint ankylosis with a mouth opening limited to 1.5 cm and restricted neck movements. There was gross developmental deficit with mental retardation and no communication was possible with him. There was no history of repeated chest infections, seizures or fractures. Examination of the cardiovascular system did not reveal any abnormality. The child had features of rickets in the form of rickety rosary and prominent posterior costovertebral junctions. Even though the chest was clear on auscultation, the likelihood was that this child had reduced pulmonary reserve in view of the contractures, malnutrition and associated poor general state. Biochemical parameters including haemoglobin, blood urea, sugar and serum electrolytes were within normal limits. X-rays of different parts of the body revealed generalized osteoporosis and collapse of vertebral bodies along the entire length of spine.
In view of the expected sensitivity to opioids, potentially difficult airway and historical concerns about an association with malignant hyperthermia, we decided to manage the anaesthesia with an interscalene brachial plexus block, propofol infusion, spontaneous ventilation, a nasal airway and avoidance of halogenated volatile anaesthetic agents. After fasting and no premedication, intravenous access and monitoring (electrocardiogram (leads II and V), pulse oximetry, temperature and noninvasive blood pressure (NIBP)) were established and with careful attention to pressure areas the child was positioned on the operating table. The preoperative heart rate was 102/min, blood pressure of 112/70 mmHg and oxygen saturation was 94% on room air. After preoxygenation, anaesthesia was induced with propofol 10 mg given slowly. Mask ventilation was not difficult and after an additional 4 mg of propofol, a nasal airway was passed via the right nostril, connected to a T-piece system, and the child allowed to breathe spontaneously a mixture of oxygen and nitrous oxide. The mouth and the other nostril were closed with cotton pads and adhesive tape in order to prevent air leak. Anaesthesia was maintained further with a continuous infusion of propofol 6 to 8 mg/kg/h. Left-sided interscalene brachial plexus block was performed using a 23 gauge needle with insulating sleeve and a nerve stimulator (Stimuplex-DIG, Braun). The nerve roots were located at a depth of 0.5 to 0.6 cm and could be stimulated with a current strength as low as 0.6 milliamps. A mixture of local anaesthetics containing 1.5 ml of 2% of lignocaine with 1: 200 000 adrenaline and 2 ml of 0.5% of bupivacaine diluted to a total volume of 5 ml was injected.
Adequate nerve block was assumed by noting immediate cessation of muscular activity of the left upper limb after nerve stimulation and was subsequently corroborated by lack of any haemodynamic response to incision. The patient was placed in the supine position with a wedge under the left shoulder and the surgery was allowed to proceed. The intraoperative course was uneventful. Heart rate, blood pressure, oxygen saturation, and end-tidal carbon dioxide remained within normal limits. The surgery lasted for 90 minutes and propofol was discontinued. The total propofol used was 90 mg, blood loss was insignificant (20 ml) and the patient received a total 200 ml of Ringer's lactate intraoperatively. At the conclusion of surgery, the patient was moved to the recovery room where he continued to be haemodynamically stable. The child opened his eyes on verbal commands approximately eight minutes after discontinuation of propofol infusion. Subsequently the child was noted to be mildly agitated but was consolable and appeared to be pain-free. He was started on paracetamol presumptively three hours later, along with oral feeds. The child was discharged home the next day on oral paracetamol syrup.
DISCUSSION
The aetiology of arthrogryposis multiplex congenita is unknown, but it may be caused by pathology in the anterior horn cells, peripheral nerves, neuromuscular junction or muscle itself. In the majority of cases, there is evidence of significant reduction in the population of anterior horn cells throughout the spinal cord, more so in the region of the cervical and lumbar enlargements of the cord. Damage to anterior horn cells is characterized by weakness, atrophy of muscles and hyporeflexia with the absence of sensory abnormalities 2 . This neuropathic type of arthrogryposis is believed to be the result of intrauterine neuronal lesions. In addition, there is also demyelination of pyramidal tracts and motor roots, and axons in the peripheral nerves are decreased. It is likely that the syndrome is a clinical composite of a variety of muscular and neuromuscular abnormalities. The myopathic type of arthrogryposis is believed to be the result of intrauterine progressive muscular dystrophy and no central nervous system lesions can be demonstrated 3 .
The disease is often associated with bilateral clubfoot, patellar dislocation, scoliosis and resultant pulmonary dysfunction, congenital heart disease, inguinal or umbilical hernia, craniofacial abnormalities, structural anomalies of the kidneys, hypoplasia of lungs and even tracheal stenosis 4 . Typical anaesthetic problems in patients with arthrogryposis include difficult intravenous access because of skin and subcutaneous tissue abnormalities, difficult positioning because of contractural deformities, and difficult mask ventilation and intubation because of rigid temporomandibular joints, mandibular hypoplasia and occasional fusion or underdevelopment of first and second cervical vertebrae, such that the two vertebrae may slip on each other 4, 5 . These patients also have an unpredictable response to intravenous anaesthetic agents, muscle relaxants and opioids 1 .
Our patient had a short and rigid neck, evidence of bilateral temporomandibular ankylosis and a large tongue. Options available for airway management in such patients are fibreoptic-guided intubation, laryngeal mask airway (LMA), nasal airway, or blind nasal intubation. In our case fibreoptic-guided intubation was unavailable and mouth-opening was inadequate for LMA placement. As mask ventilation was not difficult and there was no surgical requirement for muscle relaxants, we chose to maintain spontaneous ventilation through a nasal airway. This method of maintaining the airway has been demonstrated to be adequate in patients with Goldenhar's syndrome 6 . This technique of maintaining the airway is recommended only for elective cases that are adequately fasted, as the airway remains unprotected and there is a possibility of aspiration in the event of reflux of gastric contents. The possibility of loss of control over the nasal airway was remote as we had direct access to the head and airway. Blind nasal intubation was also considered, though it would have been a difficult manoeuvre especially because of limited neck movements and possibly risky too, in view of osteoporotic and collapsed vertebral bodies. Tracheostomy was reserved for failure of alternatives. Laryngeal mask airway is an attractive option if mouth-opening is adequate and has been used successfully 7 .
Such patients are likely to have unusual sensitivity to opioids and to be more prone to respiratory depression because of low pulmonary reserve consequent to underlying rib cage deformities, pulmonary hypoplasia and restrictive lung disease 1 . Our patient also had, in addition, extremely poor nutritional status along with features of rickets of the thoracic cage. Regional techniques have been demonstrated to be safe and to provide adequate analgesia. Continuous spinal anaesthesia and caudal epidural blocks have been used safely in such patients 8, 9 . We did not use any opioid in the present case and relied on brachial plexus block with satisfactory results. A mixture of local anaesthetic was used to keep the total dose of drugs well within the safe range and to achieve early onset and good postoperative analgesia. There is evidence that a combination of lignocaine and bupivacaine is associated with shorter latency of onset and better quality of analgesia 10 . There is no information available regarding the pharmacokinetics of local anaesthetic agents or altered responses in patients with arthrogryposis. In our patient it was difficult to assess the exact duration of effect of block, as not only did the child have muscular weakness preoperatively but also subnormal intelligence preventing proper assessment of sensation and analgesia.
The interscalene approach was used since it is ideal for shoulder surgery, safe in children, and removes the need for opioids. The supraclavicular approach to the brachial plexus is not popular in children as the smaller distance between plexus and cervical pleura in children increases the chance of accidental pleural puncture. The interscalene approach has also been advocated in children because their anterior and middle scalene muscles are not fully developed and hence the interscalene groove is truly an interscalene space 11 . Even though the incidence in children is not known, this approach is associated with potentially dangerous complications such as vertebral artery injection and phrenic or recurrent laryngeal nerve paralysis and even cervical spinal cord injury. There is no report of the use of this technique in children with arthrogryposis multiplex congenita. Our patient did not show any clinical evidence of these complications in the form of altered breathing pattern, and continued to maintain adequate haemoglobin oxygen saturation intraoperatively as well as into the postoperative period. Recently, loss of cervical spinal cord function associated with the performance of these blocks under general anaesthesia has been reported 12 . While it is important to be cautious about the depth of needle insertion to avoid cord injury, general anaesthesia is justified to avoid distress when performing blocks in children. It has been strongly recommended that in order to minimize risk, these procedures should be carried out in a nonstressed and immobile child, as produced by general anaesthesia 13 .
The issue of association of arthrogryposis multiplex congenita with malignant hyperthermia has been widely debated [14] [15] [16] [17] [18] . Recent reports do not support this association. We used a non-triggering technique as a precautionary measure.
Patients with arthrogryposis are also known to have abnormal responses to a number of drugs. An atypical response to thiopentone was reported in a child, who, on one occasion, did not become unconscious even after 6.6 mg/kg of thiopentone and could be induced only after adding enflurane with nitrous oxide. On a second occasion, the child experienced severe nausea and excessive oral secretions after thiopentone 5.3 mg/kg necessitating ketamine 2.0 mg/kg for induction 19 . Low-dose ketamine infusion along with benzodiazepine and muscle relaxants has been used satisfactorily 20 . We used propofol in the usual recommended dosages and did not notice any unexpected response. Adverse reactions to neuromuscular blocking agents have not been reported, however apprehension exists about the safety of depolarizing drugs in patients afflicted with anterior horn cell diseases 21 .
In summary, patients with arthrogryposis multiplex congenita present a number of problems to the anaesthesiologist. Interscalene brachial plexus block is a useful technique for providing analgesia for shoulder surgery in such patients.
